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© In an animation encoding method, an animation 
decoding method, an animation recording medium 
and an animation encoder, the present invention 
suppresses the reduction of information having a fine 
image pattern while reducing a mosquito noise even 
in a signal band in which an S/N ratio is low. An 
animation signal is encoded by using a predeter- 
mined anticipation image signal, applying a predeter- 
mined operation to the signal so encoded, quantizing 



the signal obtained by the operation and the signal 
so quantized is subjected to variable length encod- 
ing. In this instance, the signal band in which the 
S/N ratio of the image signal drops is quantized and 
highlighted on the basis of non-linear characteristics. 
On the decoding side, on the other hand, decoded 
signals are reversely quantized on the basis of non- 
linear characteristics having opposite characteristics 
to the encoding side, and decoding is effected. 
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Technical Field 

The present invention relates to a nnethod for 
encoding motion picture, a method for decoding 
motion picture, a motion picture recording medium, 
and a motion picture encoding apparatus, and is 
applicable to, for example, record a motion picture 
signal on a recording medium such as an optical 
disk and a magnetic tape to reproduce to display 
on a display device and so on, and to transmit from 
a transmitting side to a receiving side via a trans- 
mission path to be received and displayed by the 
receiving side, such as a motion picture signal for a 
television conference system, a television tele- 
phone system, and a broadcasting equipment. 

Background Art 

In the case, for example, of systems for trans- 
mitting a motion picture signal to a remote place, 
such as a television conference system and a 
television telephone system, the picture signal is 
compressed and encoded by utilizing the linear 
correlation or the correlation between frames of the 
motion picture signal in order to use the transmis- 
sion path efficiently. In fact, when the linear correla- 
tion is utilized, the amount of information can be 
compressed, for example, by processing the pic- 
ture signal in accordance with an orthogonal con- 
version method such as a discrete cosine trans- 
form (DCT). Further, when the correlation between 
frames is utilized, the motion picture signal can be 
further compressed and encoded. 

Fig. 17 shows examples in which the motion 
picture signals are compressed and encoded using 
the correlation between frames. In the figure, the 
three pictures shown in row A indicate frame im- 
ages PC1, PC2, and PCS at times t1, t2, and t3, 
respectively. The difference between the picture 
signals of the frame images PC1 and PC2 is cal- 
culated so that PC12 is generated, and the dif- 
ference between frame images PC2 and PCS is 
calculated so that PC23 is generated. In row B, 
different pictures are shown and, for convenience, 
the difference is represented in black. 

Generally, pictures of frames temporally adja- 
cent to each other are not substantially different. 
Therefore, when the difference between the two 
pictures is calculated, the obtained difference sig- 
nal is a small value. When this difference signal is 
encoded, the amount of encoding of the signal can 
be compressed. For example, in this figure, only 
the parts shown in black in row B may be encoded. 
However, when only the difference signals are 
transmitted, an original picture cannot be restored 
in the case where the correlation does not exist 
between the frames as at the change of a scene 
and the like. 



In order to overcome this, it is assumed that 
the picture of each frame falls into any one of three 
types of pictures including l-picture (intra-coding), 
P-picture (forward prediction), and B-picture 

6 (bidirectional prediction), and the picture signals 
are compressed and encoded. Namely, as shown 
in Fig. 18, the picture signals of 17 frames includ- 
ing frames F1 to F17 are considered as a group of 
pictures and as one unit for processing. The pic- 

10 ture signal of the head frame F1 (the frame shown 
In black) Is encoded by taking It as l-plcture. The 
picture signal of the second frame F2 (the frame 
shown in white) is processed as B-picture, and the 
picture signal of the third frame (the frame shown 

75 by oblique lines) is processed as P-picture, respec- 
tively. After that, the picture signals of the frame F4 
to the seventeenth frame F17 are alternately pro- 
cessed as B-picture or P-picture. 

As the picture signal of l-picture, a picture 

20 signal for one frame is transmitted. On the other 
hand, for the picture signal of P-picture, as shown 
in A of Fig. 18, the difference from the picture 
signal of l-picture or P-picture which is transmitted 
earlier than the picture signal of P-picture is trans- 

25 mitted basically. Further, as the picture signal of B- 
picture, as shown in B of Fig. 18, the difference is 
obtained from the mean value of preceding frame, 
succeeding frame, or both frames, and then is 
encoded. 

30 Fig. 19 shows the principle of a method for 

encoding a motion picture signal in accordance 
with the manner stated above. In this figure, row A 
indicates original pictures and row B indicates en- 
coded pictures. The first frame F1 is processed as 

35 l-picture, so that the picture signal of l-picture is 
directly transmitted to a transmission path as a 
transmission data FIX (coding in a picture). On the 
other hand, since the second frame F2 is pro- 
cessed as B-plcture, the difference between the 

40 frame F2 and the preceding frame F1, or the 
succeeding frame FS, or the average value be- 
tween the frame F1 and the frame FS is obtained, 
and the difference is transmitted as transmission 
data F2X. Provided that, if further explained In 

45 detail, four kinds of processes in macroblock units 
can be selected in the case of the processing of B- 
picture. 

In the first processing, the data of original 
frame F2 is transmitted entirely as the transmission 

50 data F2X (SP1 (intraframe coding)), which Is similar 
to the processing of l-picture. In the second pro- 
cessing, the difference between the frame F2 and 
the succeeding frame F3 is calculated, and then 
the difference thus obtained is transmitted (SP2 

55 (backward prediction encoding)). In the third pro- 
cessing, the difference between the frame F2 and 
the preceding frame F1 is transmitted (SP3 (for- 
ward prediction encoding)). Further, in the fourth 
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processing, the difference between the frame F2 
and the mean value of the preceding frame F1 and 
the succeeding frame F3 is generated, and then is 
transmitted as the transmission data F2X (SP4 
(bidirectional prediction encoding)). 

The picture obtained in accordance with the 
method for processing by which the smallest 
amount of transmission data is formed out of these 
four methods Is taken as transmission data of the 
macro block. When the difference data Is transmit- 
ted, motion vector x1 (the motion vector between 
the frame F1 and the frame F2 (in the case of 
forward prediction)) or motion vector x2 (the motion 
vector between the frame F3 and the frame F2 (in 
the case of backward prediction) or both motion 
vectors x1 and x2 (in the case of bidirectional 
prediction)) which are between the picture of frame 
F2 and a picture (prediction picture) of a frame 
relative to which the difference of the picture of 
frame F2 is to be calculated are transmitted to- 
gether with the difference data. 

In the case of the frame F3 of P-picture, the 
preceding frame F1 is taken as a prediction pic- 
ture, and the difference signal between the frame 
F1 and the frame F3 and motion vector x3 are 
calculated, which are transmitted as the transmis- 
sion data F3X (SP3 (forward prediction encoding)). 
Otherwise, the data of original frame F3 is directly 
transmitted as the transmission data F3X (SP1 (in- 
tra-frame coding)). When transmission data is 
transmitted in accordance with any one method of 
these methods, the method In which the amount of 
transmission data becomes smaller is more prefer- 
ably selected in macroblock units, as In the case of 
B-picture. 

Fig. 20 shows an example of the concrete 
construction of an apparatus for encoding and 
transmitting a motion picture signal, and for decod- 
ing, based on the principle described above. Refer- 
ence numeral 1 generally designates the construc- 
tion of an encoding apparatus which encodes input 
motion picture signal VD and transmits it to a 
recording medium 3 as a transmission path. Refer- 
ence numeral 2 generally shows the construction of 
a decoding apparatus which reproduces a signal 
recorded on the recording medium 3, and decodes 
the reproduced signal to output as a video signal. 

In the encoding apparatus 1 . Input video signal 
VD is input to a preprocessing circuit 11, and Is 
separated into a luminance signal and a color sig- 
nal (in this case, a color difference signal) those of 
which are analog-to-digital converted by analog-to- 
digital (A/D) converters 12 and 13, respectively. 
The video signals A/D-converted by the A/D con- 
verters 12 and 13 into digital signals are supplied 
and written to a frame memory 14. The luminance 
signal is written to a luminance signal frame mem- 
ory 15 and the color difference signal is written to a 



color difference signal frame memory 16, respec- 
tively. 

A format conversion circuit 17 converts a signal 
of a frame format written in the frame memory 14 

5 to a signal of a block format. That Is, as shown In 
Fig. 21, the picture signal written in the frame 
memory 14 is considered as the data of the frame 
format in which lines each composed of pixels 
having H dots per line are collected V lines. The 

10 format conversion circuit 17 partitions the signal of 
the one frame Into M slices, each consisting of 
sixteen lines per unit. 

Each slice Is divided into M macro blocks. 
Each of the macro blocks is composed of a lu- 

75 minance signal corresponding to 16 x 16 pixels 
(dots). The luminance signal Is further partitioned 
into blocks Y[1] to Y[4] as units each composed of 
8x8 dots. A color difference signal consisting of 
two blocks of Cb signal composed of 8 x 8 dots 

20 and Cr signal composed of 8 x 8 dots corresponds 
to the brightness signal composed of 16 x 16 dots. 
DCT processing to be described later is performed 
by 8 x 8 dots. 

In this manner, data BD converted to a block 

25 format is supplied from the format conversion cir- 
cuit 17 to an encoder 18 where converted data BD 
is encoded. The detailed operation thereof will be 
explained later with reference to Fig. 22. The signal 
encoded by the encoder 18 is recorded on the 

30 recording medium 3 as a bit stream or output to 
the transmission path. 

Data reproduced from the recording medium 3 
is supplied to a decoder 31 of the decoding ap- 
paratus 2 to be decoded. The detailed explanation 

35 of the decoder 31 will be given hereafter referring 
to Fig. 25. The data decoded by the decoder 31 is 
input to a format conversion circuit 32 In which the 
data is converted from block format to frame for- 
mat. Then, a brightness signal of the frame format 

40 is supplied to be written to a luminance signal 
frame memory 34 in a frame memory 33, whereas 
a color difference signal is supplied to be written to 
a color difference signal frame memory 35. The 
brightness signal and the color difference signal 

45 read from the luminance signal frame memory 34 
and the color difference signal frame memory 35 
are respectively digital-to-analog converted by digi- 
tal-to-analog (D/A) converters 36 and 37, and sup- 
plied to a postprocessing circuit 38 to be syn- 

50 thesized. Then, the synthesized signal Is output 
and displayed on a display device (not shown) 
such as a CRT. 

Next, with reference to Fig. 22, an example of 
the construction of the encoder 18 will be de- 

55 scribed. Image data BD to be encoded is input in 
respective macroblock units to a motion vector 
detecting circuit (MV-Det) 50. The motion vector 
detecting circuit 50 executes the processing of the 
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picture data of each frame as l-picture, P-picture, 
and B-picture in accordance with a prescribed se- 
quence previously set. It is previously set which 
one of pictures I, P, or B each of the picture of the 
respective frannes which are sequentially input is to 
be processed as. For example, as shown in Fig. 
18, a group of pictures composed of frames F1 to 
F17 are processed in accordance with the se- 
quence I, B, P, B, P, B, P. 

The picture data of a frame to be processed as 
l-picture (for example, the frame F1) is transferred 
to a forward original picture part 51a of a frame 
memory 51 from the motion vector detection circuit 
50 and then is stored therein. The picture data of a 
frame to be processed as B-picture (for example, 
the frame F2) is transferred to an original picture 
part 51b and is stored therein. The picture data of 
a frame to be processed as P-picture (for example, 
the frame F3) is transferred to a backward original 
picture part 51c and is stored therein. 

At the next timing, when the picture of a frame 
to be processed as B-picture (the frame F4) or as 
P-picture (the frame F5) is input, the picture data of 
first P-picture (the frame F3) which has been stored 
in the backward original picture part 51c till then is 
transferred to the forward original picture part 51a. 
Then, the picture data of next B-picture (the frame 
F4) is stored (overwritten) in the original picture 
part 51b, and then the picture data of next P- 
picture (the frame F5) is stored (overwritten) in the 
backward original picture part 51c. Such operations 
are sequentially repeated. 

The signals of the respective pictures stored in 
the frame memory 51 are read therefrom to be 
executed frame prediction mode processing or field 
prediction mode processing in a prediction mode 
switching circuit (Mode-SW) 52. Further, under the 
control of a prediction determination circuit 54, 
calculations of prediction in a picture, forward pre- 
diction, backward prediction, or bidirectional predic- 
tion is performed in a calculator 53. Which pro- 
cessing is to be performed among these process- 
ing is determined in macroblock units in accor- 
dance with a prediction error signal (difference 
between a reference picture to be processed and a 
prediction picture relative thereto). Therefore, the 
motion vector detecting circuit 50 generates the 
absolute value sum of prediction error signals (a 
square sum may be employed) utilized for this 
determination in macroblock units. 

Here, the frame prediction mode and the field 
prediction mode in the prediction mode switching 
circuit 52 will be described herein below. In a case 
where the frame prediction mode is set, the predic- 
tion mode switching circuit 52 directly outputs four 
brightness blocks Y[1] to Y[4] supplied from the 
motion vector detection circuit 50 to the calculator 
53 in a subsequent stage. That is, in this case, as 



shown in Fig. 23(A), line data of odd-numbered 
fields and line data of even-numbered fields are 
mixed in each of the brightness blocks. In this 
frame prediction mode, a prediction is performed 

5 on the four brightness blocks as one unit (macro 
block) and one motion vector corresponds to the 
four brightness blocks. 

On the other hand, in the field prediction mode, 
the prediction mode switching circuit 52 makes the 

10 signal input from the motion vector detection circuit 
50 with the constitution shown in Fig. 23(A) con- 
stitute the brightness blocks Y[1] and Y[2] among 
the four brightness blocks of, for example, only 
dots of lines of odd-numbered fields, and other two 

75 brightness blocks Y[3] and Y[4] of data of lines of 
even-numbered fields, as shown in Fig. 23(B), and 
then outputs to the calculator 53. In this case, one 
motion vector corresponds to the two brightness 
blocks Y[1] and Y[2], and the other motion vector 

20 corresponds to the other two brightness blocks Y[3] 
and Y[4]. 

The motion vector detection circuit 50 outputs 
to the prediction determination circuit 54 an evalu- 
ation value of encoding in a picture, the absolute 

25 value sum of each prediction error of forward pre- 
diction, backward prediction, and bidirectional pre- 
diction in the frame prediction mode, and the ab- 
solute value sum of each prediction error of for- 
ward prediction, backward prediction, and bidirec- 

30 tional prediction in the field prediction mode. The 
prediction determination circuit 54 compares the 
evaluation value of encoding in a picture and the 
absolute value sum of respective prediction errors, 
and gives instruction of the frame prediction mode 

35 or the field prediction mode corresponding to the 
prediction mode in which the compared value is 
the smallest to the prediction mode switching cir- 
cuit 52. The prediction mode switching circuit 52 
processes the aforementioned processing to the 

40 input signal, and then outputs it to the calculator 
53. Generally, in a case where the motion of a 
motion picture is rapid, the field prediction mode is 
selected, and in a case where the motion of a 
motion picture is slow, the frame prediction mode 

45 is selected. 

In the case of the frame prediction mode, as 
shown in Fig. 23(A), the color difference signal is 
supplied to the calculator 53 in the state where the 
data for lines of odd-numbered fields and the data 

50 for lines of even-numbered fields are mixed. Fur- 
thermore, in the case of the field prediction mode, 
as shown in Fig. 23(B), the upper halves (four lines) 
of respective color difference blocks Cb and Cr are 
regarded as a color difference signal of odd-num- 

55 bered fields corresponding to brightness blocks Y- 
[1] and Y[2], and the lower halves (four lines) of 
respective color difference blocks Cb and Cr are 
regarded as a color difference signal of even-num- 
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bered fields corresponding to brightness blocks Y- 
[3] and Y[4]. 

In the prediction determination circuit 54, the 
motion vector detection circuit 50 further generates 
the absolute value sum of prediction errors in order 
to determine which is to be carried out for predic- 
tion in a picture, forward prediction, backward pre- 
diction, or bidirectional prediction, and which is to 
be carried out for the frame prediction or the field 
prediction In such a manner as follows. More spe- 
cifically, as the evaluation value corresponding to 
the absolute value sum of the prediction errors in 
the encoding in a picture, the absolute value sum E 
!Alj - (mean value of Alj)!, which is the difference 
between signal Alj of macroblock of the reference 
picture to be encoded later and its mean value, is 
obtained. Further, as the absolute value sum of the 
prediction errors of the forward prediction, E ! Alj - 
BIjl , which Is sum of the absolute value lAiJ-BiJ! of 
the difference Aij-Blj between macroblock signal Aij 
of the reference picture and macroblock signal Bij 
of a prediction picture, is obtained. Furthermore, 
the absolute value sum of the prediction errors in 
the case of backward prediction and bidirectional 
prediction is obtained in the same manner as in the 
case of forward prediction (prediction pictures are 
changed into which is different from in the case of 
forward prediction). Moreover, the absolute value 
sum of the prediction error is obtained in both the 
frame prediction mode and the field prediction 
mode. 

These absolute value sums are supplied to the 
prediction determination circuit 54. The prediction 
determination circuit 54 selects the smallest value 
among the absolute value sums of the prediction 
errors Including forward prediction, backward pre- 
diction, and bidirection prediction for the frame 
prediction mode and the field prediction mode, 
respectively, as the absolute value sum of predic- 
tion errors In an Interprediction. Further, the predic- 
tion determination circuit 54 compares the absolute 
value sum of the prediction errors in this inter- 
prediction with the evaluation value in the encoding 
in a picture, and then selects the smaller one to 
select a mode corresponding to the selected value 
as a prediction mode (P-mode). That Is, if the 
evaluation value of the encoding in a picture is 
smaller, a mode of encoding in a picture is set. If 
the absolute value sum of the prediction errors in 
interprediction is smaller, one of the modes of 
forward prediction, backward prediction, and 
bidirectional prediction in which corresponding ab- 
solute value sum is the smallest is set. 

As described above, the prediction mode 
switching circuit 52 supplies the macro block signal 
of the reference picture with a constitution cor- 
responding to either a frame prediction mode or a 
field prediction mode selected by the prediction 



determination circuit 54 to the calculator 53. The 
motion vector detection circuit 50 detects motion 
vector MV between the prediction picture corre- 
sponding to the prediction mode (P-mode) selected 

5 by the prediction determination circuit 54 and the 
reference picture, and then outputs it to a variable- 
length encoding circuit (VLC) 58 and a motion 
compensation circuit (M-comp) 64. As the motion 
vector, one of which the absolute value sums of the 

10 corresponding prediction errors Is the smallest Is 
selected. 

When the motion vector detection circuit 50 
reads out the picture data of l-picture from the 
forward original picture part 51a, the prediction 

75 determination circuit 54 sets the mode of encoding 
in a picture (a mode executing no motion com- 
pensation) as a prediction mode, and switches the 
switch of the calculator 53 to the side of contact 
"a". Thus, the picture data of l-picture Is Input to a 

20 DCT mode switching circuit (DCT CTL) 55. 

As shown in Figs. 24(A) or 24(B), this DCT 
mode switching circuit 55 puts the data of four 
brightness blocks In the state where the lines of 
odd-numbered fields and the lines of even-num- 

25 bered fields are mixed (frame DCT mode) or a 
state where they are separated (field DCT mode) to 
output to a DCT circuit 56. More specifically, the 
DCT mode switching circuit 55 compares encoding 
efficiency in a case where the data of odd-num- 

30 bered fields and the data of even-numbered fields 
are mixed and DCT processing Is performed with 
encoding efficiency in a case where they are sepa- 
rated and DCT processing is performed thereon, 
and then selects the mode having better encoding 

35 efficiency. 

For example, as shown In Fig. 24(A), an input 
signal is assumed to have such a constitution in 
which the lines of odd-numbered fields and even- 
numbered fields are mixed. Then, the differences 

40 between signals of lines of odd-numbered field and 
signals of lines of even-numbered field each of 
which are vertically adjacent to each other are 
respectively calculated to obtain the sum or square 
sum of the absolute values. Further, as shown In 

45 Fig. 24(B), assuming that the Input signal have a 
constitution in which lines of odd-numbered fields 
and lines of even-numbered fields are separated 
from each other, the differences between signals of 
the lines of odd-numbered fields which are respec- 

50 tively vertically adjacent to each other, and the 
differences between signals of lines of even-num- 
bered fields which are respectively vertically adja- 
cent to each other are respectively calculated. 
Then, the sum (or square sum) of the respective 

66 absolute values is obtained. 

Further, both (the sums of the absolute values) 
are compared and then a DCT mode correspond- 
ing to the smaller value is set. Namely, when the 
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former is smaller, the frame DCT mode is set: 
when the latter Is smaller, the field DCT mode is 
set. Then, the data having a constitution corre- 
sponding to the selected DCT mode is output to 
the DCT circuit 56, and simultaneously a DCT flag 
(DCT-FLG) indicating the selected DCT mode is 
output to the variable-length encoding circuit 58 
and the motion compensation circuit 64. 

The comparison of the prediction mode (Fig. 
23) in the prediction mode switching circuit 52 with 
the DCT mode (Fig. 24) in this DCT mode switch- 
ing circuit 55 definitely shows that the data con- 
structions in both of the modes are substantially 
the same concerning the brightness blocks. Gen- 
erally, when the frame prediction mode is selected 
in the prediction mode switching circuit 52, there is 
a high possibility that the frame DCT mode is also 
selected in the DCT mode switching circuit 55. 

Further, when the field prediction mode is se- 
lected in the prediction mode switching circuit 52, 
the field DCT mode may be selected most prob- 
ably in the DCT mode switching circuit 55. How- 
ever, the aforementioned processing is not always 
performed. In the prediction mode switching circuit 
52, a mode is determined in such a manner that 
the absolute value sum of the prediction errors is 
minimized. On the other hand, in the DCT mode 
switching circuit 55, a mode is determined in such 
a manner that encoding efficiency is improved. 

The picture data of l-picture output from the 
DCT mode switching circuit 55 is input to the DCT 
circuit 56 to be processed a DCT (discrete cosine 
transform) processing, and then is converted to a 
DCT coefficient. This DCT coefficient is input to a 
quantization circuit (Q) 57 to be quantized in accor- 
dance with a quantization step which corresponds 
to the data storage quantity (buffer storage quantity 
(B-full)) of a transmission buffer (Buffer) 59, and 
then is Input to the variable-length encoding circuit 
58. The variable-length encoding circuit 58 con- 
verts picture data supplied from the quantization 
circuit 57 (in this case, the data of l-picture) to a 
variable-length encode such as a Huffman code 
corresponding to the quantization step (scale (QS)) 
supplied from the quantization circuit 57, and then 
outputs it to the transmission buffer 59. 

Into the variable-length encoding circuit 58, are 
input the quantization step (scale (QS)) from the 
quantization circuit 57, the prediction mode (a 
mode indicating which is set, a prediction in a 
picture, forward prediction, backward prediction, or 
bidirectional prediction (P-mode)) from the predic- 
tion determination circuit 54, the motion vector 
(MV) from the motion vector detection circuit 50, 
the prediction flag (a flag indicating which Is set, 
either a frame prediction mode or a field prediction 
mode (P-FLG)) from the prediction mode switching 
circuit 52, and the DCT flag (a flag indicating which 



is set, either a frame DCT mode or a field DCT 
mode (DCT-FLG)) output from the DCT mode 
switching circuit 55. They are also variable-length 
encoded. 

5 The transmission buffer 59 temporarily stores 

the input data and outputs the data corresponding 
to the storage quantity to the quantization circuit 
57. When the residual quantity of the data thereof 
increases up to an allowable upper limit value, the 

10 transmission buffer 59 increases the quantization 
scale of the quantization circuit 57 by a quantiza- 
tion control signal (B-full), so that the quantity of 
the quantized data is decreased. In contrast, when 
the residual quantity of data decreases up to an 

75 allowable minimum value, the transmission buffer 
59 decreases the quantization scale of the quan- 
tization circuit 57 by the quantization control signal 
(B-full), so that the quantity of quantized data is 
increased. In such a manner, the overflow or under- 

20 flow of the transmission buffer 59 can be pre- 
vented. The data stored in the transmission buffer 
59 is read out at a prescribed timing, and is output 
to the transmission path or recorded on the record- 
ing medium 3. 

25 On the other hand, the data for l-picture output 

from the quantization circuit 57 is input to an in- 
verse quantization circuit (10) 60 to be inversely 
quantized based on a quantization step supplied 
from the quantization circuit (QS) 57. The output 

30 from the inverse quantization circuit 60 is input to 
an inverse DCT (IDCT) circuit 61 to be performed 
inverse DCT processing, and then blocks are rear- 
ranged in accordance with respective DCT modes 
(frame/field) by a block rearrangement circuit 

35 (Block Change) 65. The output signal from the 
block rearrangement circuit 65 is supplied via a 
calculator 62 to a forward prediction picture area 
(F-P) 63a of a frame memory 63, and then stored 
therein. 

40 In a case where the picture data of respective 

frames which are sequentially input is processed 

as, for example, pictures of I, B, P, B, P, B 

the motion vector detection circuit 50 processes 
the picture data of a frame input first as l-picture. 
45 Then, before processing the picture of the frame 
input next as B-picture, the motion vector detection 
circuit 50 processes the picture data of a frame 
input further next as P-picture. Since B-picture is 
attended with backward prediction, B-picture can- 
so not be decoded if P-picture as a backward predic- 
tion picture is not prepared beforehand. 

Thus, the motion vector detection circuit 50 
starts processing for picture data of P-picture 
stored in the backward original picture part 51c 
55 subsequent to the processing of l-picture. Then, 
similarly to the case described above, the absolute 
value sum of the differences (prediction errors) 
between frames or fields in macroblock units is 
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supplied from the motion vector detection circuit 50 
to the prediction determination circuit 54. The pre- 
diction determination circuit 54 sets the prediction 
mode of frame/field prediction mode and encoding 
in a picture, or forward prediction, corresponding to 
the absolute value sum of the prediction errors of 
the macro block of P-picture. 

When the interframe encoding mode is set, the 
calculator 53 switches the switch to the side of 
contact "a", as described above. Therefore, the 
data at this time is transmitted to the transmission 
path via the DCT mode switching circuit 55, the 
DCT circuit 56, the quantization circuit 57, the 
variable-length encoding circuit 58, and the trans- 
mission buffer 59, as similar to the data for I- 
picture. This data is also supplied to a backward 
prediction picture area (B-P) 63b of the frame 
memory 63 via the inverse quantization circuit 60, 
the inverse DCT circuit 61, the block rearrange- 
ment circuit 65, and the calculator 62 and stored 
therein. 

At the time of the forward prediction mode, the 
switch is switched to contact "b", and the picture 
(in this case, the picture of l-picture) data stored in 
the forward prediction picture area 63a of the frame 
memory 63 is read out, and the motion compensa- 
tion is performed by the motion compensation cir- 
cuit 64 corresponding to a motion vector output by 
the motion vector detection circuit 50. That is, 
when the setting of the forward prediction mode is 
commanded by the prediction determination circuit 
54, the motion compensation circuit 64 shifts the 
read-out address of the forward prediction picture 
area 63a from the position corresponding to the 
macroblock currently output by the motion vector 
detection circuit 50 by an amount corresponding to 
the motion vector to read out the data, and gen- 
erates the prediction picture data. 

The prediction picture data output from the 
motion compensation circuit 64 is supplied to a 
calculator 53a. The calculator 53a subtracts the 
prediction picture data corresponding to the macro- 
block of the reference picture which is supplied 
from the motion compensation circuit 64 from the 
data of the macroblock of the reference picture 
supplied from the prediction mode switching circuit 
52, and outputs the difference (prediction error). 
The difference data Is transmitted to the transmis- 
sion path via the DCT mode switching circuit 55, 
the DOT circuit 56, the quantization circuit 57, the 
variable-length encoding circuit 58, and the trans- 
mission buffer 59. Further, this difference data is 
also locally decoded by the inverse quantization 
circuit 60 and the inverse DCT circuit 61 , and input 
to the calculator 62 via the block rearrangement 
circuit 65. 

Also to this calculator 62, the data same as the 
prediction picture data supplied to the calculator 



53a is supplied. The calculator 62 adds the predic- 
tion picture data output by the motion compensa- 
tion circuit 64 to the difference data output form the 
inverse DCT circuit 61. Thus, the picture data for 

5 original (decoded) P-picture is obtained. The pic- 
ture data for P- picture is supplied to the backward 
prediction picture area 63b of the frame memory 
63 and stored therein. 

After the data for l-picture and the data for P- 

10 picture are respectively stored in the forward pre- 
diction picture area 63a and in the backward pre- 
diction picture area 63b, the motion vector detec- 
tion circuit 50 executes the processing of B-picture. 
The prediction determination circuit 54 sets the 

75 frame/field mode in accordance with the magnitude 
of the absolute value sum of the difference (predic- 
tion error) between frames or fields in macroblock 
units, and sets the prediction mode to the inter- 
frame prediction mode, forward prediction mode, 

20 backward prediction mode, or bidirectional predic- 
tion mode. As described above, at the time of the 
interframe prediction mode or the forward predic- 
tion mode, the switch is switched to contact "a" or 
contact "b". At this time, processing similar to that 

25 in the case of P-picture is carried out to transmit 
the data. 

On the other hand, when the backward predic- 
tion mode or the bidirectional prediction mode is 
set, the switch is switched to contact "c" or contact 

30 "d". Upon the backward prediction mode in which 
the switch is switched to contact "c", the picture 
data stored in the backward prediction picture area 
63b (in this case, the picture of P-picture) is read 
out, and motion compensation is performed by the 

35 motion compensation circuit 64 in accordance with 
the motion vector output from the motion vector 
detection circuit 50. That is, when the setting of the 
backward prediction mode is commanded from the 
prediction determination circuit 54, the motion com- 

40 pensation circuit 64 shifts the read-out address of 
the backward prediction picture area 63b by an 
amount corresponding to the motion vector from a 
position corresponding to the position of the 
macroblock which is currently output by the motion 

45 vector detection circuit 50 to read out the data, and 
generates the prediction picture data. 

The prediction picture data output by the mo- 
tion compensation circuit 64 is supplied to a cal- 
culator 53b. The calculator 53b subtracts the pre- 

50 diction picture data supplied from the motion com- 
pensation circuit 64 from the data of the macro- 
block of the reference picture supplied from the 
prediction mode switching circuit 52, and outputs 
the difference thereof. This difference data is trans- 

65 mitted to the transmission path via the DCT mode 
switching circuit 55, the DCT circuit 56, the quan- 
tization circuit 57, the variable-length encoding cir- 
cuit 58, and the transmission buffer 59. 
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At the time of the bidirectional prediction mode 
in which the switch is switched to contact "d", the 
picture data (in this case the picture data of I- 
picture) stored in the forward prediction picture 
area 63a and the picture data (in this case, the 
picture data of P-picture) stored in the backward 
prediction picture area 63b are read out, and the 
motion compensation is performed based on the 
motion vector output by the motion vector detec- 
tion circuit 50 by the motion compensation circuit 
64. 

That is, when the setting of the bidirectional 
prediction mode is commanded from the prediction 
determination circuit 54, the motion compensation 
circuit 64 shifts the read-out addresses of the for- 
ward prediction picture area 63a and the backward 
prediction picture area 63b by amounts corre- 
sponding to motion vectors (In this case, two mo- 
tion vectors including one for the forward prediction 
picture and one for the backward prediction picture 
from positions corresponding to the positions of the 
macroblocks currently output by the motion vector 
detection circuit 50 to read out the data, and thus 
generates the prediction picture data. 

The prediction picture data output from the 
motion compensation circuit 64 is supplied to a 
calculator 53c. The calculator 53c subtracts the 
mean value of the prediction data supplied from 
the motion compensation circuit 64 from the data 
of the macroblock of the reference picture supplied 
from the motion vector detection circuit 50, and 
then outputs the difference thereof. This difference 
data is transmitted to the transmission path via the 
DCT mode switching circuit 55, the DCT circuit 56, 
the quantization circuit 57, the variable-length en- 
coding circuit 58, and the transmission buffer 59. 

The picture of B-picture is not taken as a 
prediction picture of another picture, thus is not 
stored in the frame memory 63. In the frame mem- 
ory 63, a bank switching is executed on the forward 
prediction picture area 63a and the backward pre- 
diction picture area 63b as occasion demands. The 
picture stored in one or the other picture prediction 
areas relative to a prescribed reference picture can 
be switched and output as the forward prediction 
picture or the backward prediction picture. 

The processing described above is mainly giv- 
en concerning the brightness blocks, and the color 
difference blocks are similarly processed by using 
the macroblock shown In Figs. 23 and 24 as a unit. 
Incidentally, in the case of processing the color 
difference blocks, a motion vector having a dimen- 
sion 1/2 times in the vertical and horizontal direc- 
tions as large as that of the motion vector of the 
corresponding brightness blocks Is used. 

Fig. 25 is a block diagram showing an example 
of the construction of the decoder 31 in Fig. 20. 
The picture data supplied through the transmission 



path or the recording medium is received by a 
receiving circuit not shown or reproduced by a 
reproducing device, and then temporarily stored In 
a receiving buffer (Buffer) 81 . Thereafter, the repro- 

5 duced picture data Is supplied to a variable-length 
decoding circuit (IVLC) 82 of a decoding circuit 90. 

The variable-length decoding circuit (IVLC) 82 
variable-length decodes the data supplied from the 
receiving buffer 81, and supplies a motion vector 

10 (MV), a prediction mode (P-mode), and a prediction 
flag (P-FLG) to a motion compensation circuit (M- 
comp) 87. Further, a DCT flag (DCT-FLG) and a 
quantization step (QS) are respectively output to an 
inverse block rearrangement circuit (Block Change) 

75 88 and to an inverse quantization circuit (IQ) 83. 
The decoded picture data is output to the inverse 
quantization circuit 83. 

The inverse quantization circuit 83 inversely 
quantizes the picture data supplied from the varl- 

20 able-length decoding circuit 82 in accordance with 
the quantization step similarly supplied from the 
variable-length decoding circuit 82 to output to an 
inverse DCT circuit 84. The data (DCT coefficient) 
output from the inverse quantization circuit 83 is 

25 processed an inverse DCT processing in the in- 
verse DCT circuit 84, and is supplied to a calcula- 
tor 85. 

In a case where the picture data supplied from 
the inverse DCT circuit 84 Is the data of l-plcture, 

30 that data is output from the calculator 85, supplied 
to a forward prediction picture area (F-P) 86a of a 
frame memory 86 in order to generate the predic- 
tion picture data of picture data (the data of P or B- 
plcture) to be input to the calculator 85 later, and is 

35 stored therein. Further, this data is output to a 
format conversion circuit 32 (Fig. 20). 

In a case where the picture data supplied from 
the inverse DCT circuit 84 is the data of P-plcture 
which utilizes picture data preceding by one frame 

40 to that picture data as a prediction picture data and 
the data of a forward prediction mode, the picture 
data (data of l-picture) preceding by one frame to 
the data of P-picture which is stored in the forward 
prediction picture area 86a of the frame memory 

45 86 is read out, and motion compensation corre- 
sponding to the motion vector output from the 
varlable-length-decoding circuit 82 Is performed in 
the motion compensation circuit 87. 

In the calculator 85, the picture data (difference 

50 data) supplied from the inverse DCT circuit 84 is 
added and the picture data thus added Is output. 
This added data, that is, the decoded data of P- 
picture is supplied to and stored in a backward 
prediction picture area (B-P) 86b of the frame 

55 memory 86 In order to generate the prediction 
picture data of picture data (data of B or P-picture) 
which is subsequently input to the calculator 85. 
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Although being the data of P-picture, the data 
of a prediction mode in a picture is not processed 
any processing in the calculator 85 as in the case 
of the data of l-picture, and is stored in the back- 
ward prediction picture area 86b as is. Since being 
a picture to be displayed next to subsequent B- 
picture, P-picture is not yet output to the format 
conversion circuit 32 at this time. In short, as 
described above, P-picture input after B-picture is 
processed and transmitted previous to B-picture. 

In a case where the picture data supplied from 
the inverse DCT circuit 84 is the data of B-picture, 
the picture data (in the case of the forward predic- 
tion mode) of l-picture stored in the forward predic- 
tion picture area 86a of the frame memory 86, the 
picture data (in the case of the backward prediction 
mode) of P-picture stored in the backward predic- 
tion picture area 86b, or both the picture data (in 
the case of the bidirectional prediction mode) is 
read out corresponding to the prediction mode 
supplied from the variable-length decoding circuit 
82. And then, in the motion compensation circuit 
87, the motion compensation corresponding to the 
motion vector output from the variable-length de- 
coding circuit 82 is performed thereon, so that a 
prediction picture is generated. In a case where 
motion compensation is not needed, that is, in the 
case of the prediction mode in a picture, the pre- 
diction picture is not generated. 

The data in which the motion compensation is 
performed at the motion compensation circuit 87 in 
this manner is added to the output of the inverse 
DCT circuit 84 in the calculator 85. This added 
output is output to the format conversion circuit 32. 
In this case, the added output is the data of B- 
picture and is not used for generating the predic- 
tion picture of any other picture, and thus is not 
stored in the frame memory 86. After the picture of 
B-picture is output, the picture data for P-picture 
stored in the backward prediction picture area 86b 
is read out and supplied via the motion compensa- 
tion circuit 87 to the calculator 85. In this case, 
motion compensation is not carried out. 

In the processing described above, the pro- 
cessing of the brightness signal is described. The 
processing of the color difference signal is also 
performed similarly thereto. In this case, a motion 
vector which has a dimension 1/2 times in the 
horizontal and vertical directions as large as that of 
the motion vector for the brightness signal is uti- 
lized. 

The conversional encoding in the picture en- 
coding described above can compress the quantity 
of information by utilizing the correlation of an input 
signal and concentrating a signal electric power on 
prescribed coordinate axes. A DCT is a an example 
of conversion system utilized for such conversional 
encoding processing, particularly orthogonal trans- 



formation. In Accordance with the DCT, the two- 
dimensional correlation characteristic of a picture 
signal is utilized to make the signal power con- 
centrate on a particular frequency component, and 

5 only these concentrated and distributed coefficients 
are encoded, so that the quantity of information can 
be compressed. For example, in an area where a 
picture pattern is flat and the autocorrelation capa- 
bility of the picture signal is high, the DCT coeffi- 

10 cients are concentratively distributed in low-fre- 
quency components and other components have 
small values. Therefore, in this case, only the co- 
efficients concentratively distributed in a low-fre- 
quency band are encoded, so that the quantity of 

75 information can be compressed. 

However, in a case of a picture signal including 
an outline such as the edge of a picture, the DCT 
coefficients are widely distributed and generated 
from low-frequency components to high-frequency 

20 components. In order to display the discontinuous 
points of a signal such as the outline by the DCT 
coefficients with good accuracy, an extremely large 
number of coefficients Is needed, which leads to 
deterioration in encoding efficiency. At that time, if 

25 the quantization characteristic of the coefficients is 
roughened or the coefficients of the high-frequency 
components are cut off for high-pressure compres- 
sive encoding as in a conventional case, the dete- 
rioration of the picture signal stands out, and for 

30 example, a distortion such as fluctuation (a corona 
effect or a mosquito noise or the like, referred to as 
"noise" hereinafter) is generated around the out- 
line. 

Since picture encoding processing utilizes the 

35 motion compensation prediction, the noise as de- 
scribed above is successively propagated to the 
prediction frames and propagated in the direction 
of time. As a result, in the reproduced picture. It 
seems that the noise fluctuates Irregularly, and 

40 therefore, it provides a visually uncomfortable feel- 
ing. A prefilter and a postfllter are used for solving 
this problem. The encoding efficiency is improved 
by using, for example, a low-pass filter as the 
prefilter, and thus the generation of the noise can 

45 be suppressed. The low-pass filter Is also used as 
the postfilter so that the generated noise is re- 
moved not to stand out. As such postfilters, for 
example, e filter and a median filter are used. 

However, in this manner, the prefilter or the 

50 postfilter is utilized for reducing the mosquito noise 
causes not only reduction of the mosquito noise, 
but also lose of visually important information on 
the picture signal. That is, in a signal band where 
an SN ratio is low, it is difficult to discriminate 

55 between the distortion of the picture and the fine 
pattern of the picture, and there occurs a problem 
In which the picture becomes blurred picture In 
which the pattern In the flat part is lost because of 
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the low-pass filter. 

Concerning the above points, the present in- 
vention provides a method for encoding motion 
picture, a method for decoding a motion picture, a 
motion picture recording medium and a motion 
picture encoding apparatus which can suppress the 
decrease of the information of the fine pattern of a 
picture to the minimum while lowering noise even 
in a signal band where the SN ratio Is low. 

Disclosure of Invention 

A method for encoding picture signal of the 
present invention generates a first quantization co- 
efficient by quantizing at least a part of signal band 
of a specified picture signal based on a non-linear 
characteristic, generates a conversion coefficient 
by performing a specified conversion processing 
on the first quantization coefficient by a specified 
block unit, generates a second quantization coeffi- 
cient by quantizing the conversion coefficient, and 
variable-length encodes the second quantization 
coefficient. 

Furthermore, a method for decoding picture 
signal of the present invention variable-length de- 
codes a received encoded picture signal, performs 
a first inverse quantization to the variable-length 
decoded signal, performs a specified Inverse con- 
version processing in specified block units to the 
signal to which the first inverse quantization is 
performed, and performs a second inverse quan- 
tization based on the non-linear characteristic to 
the signal to which the specified inverse conversion 
is performed. 

Furthermore, in a picture recording medium of 
the present invention, a first quantization coefficient 
is generated by quantizing at least a part of signal 
band of a specified picture signal based on a non- 
linear characteristic, a conversion coefficient is 
generated by performing a specified conversion 
processing to the first quantization coefficient in 
specified block units, a second quantization coeffi- 
cient is generated by quantizing the conversion 
coefficient, the second quantization coefficient is 
variable-length encoded, and the variable-length 
encoded signal is recorded on a recording me- 
dium. 

Furthermore, a picture signal encoding appara- 
tus of the present invention comprises first quan- 
tization means 70 for generating a first quantization 
coefficient by quantizing at least a part of signal 
band of a specified picture signal based on a non- 
linear characteristic, conversion means 56 for gen- 
erating a conversion coefficient by performing a 
specified conversion processing on the first quan- 
tization coefficient by a specified block unit, second 
quantization means 57 for generating a second 
quantization coefficient by quantizing the conver- 



sion coefficient, and variable-length encoding 
means 58 for variable-length encoding the second 
quantization coefficient. 

Furthermore, a picture signal decoding appara- 

6 tus of the present invention comprises variable- 
length decoding means 82 for variable-length de- 
coding received encoded picture signal, first in- 
verse quantization means 60 for performing a first 
inverse quantization on the signal which is variable- 

10 length decoded, Inverse conversion means 61 for 
performing a specified inverse conversion process- 
ing on the signal which is performed the first in- 
verse quantization by a specified block unit, and 
second inverse quantization means 71 for perform- 

75 ing a second inverse quantization on the signal 
which is performed the specified inverse conver- 
sion based on a non-linear characteristic. 

The motion picture signal is encoded by using 
a specified prediction picture signal, a specified 

20 calculation is executed to the encoded signal, the 
signal obtained by the calculation is quantized, 
and, when the quantized signal Is variable-length 
encoded, the signal band in which SN ratio of the 
picture signal is low is quantized and emphasized 

25 based on a non-linear characteristic. On the decod- 
ing side, a decoded signal is inversely quantized 
and demodulated based on a non-linear character- 
istic having a characteristic opposite to the encod- 
ing side. Therefore, even in the case where it is 

30 difficult to discriminate between distortion of the 
picture and fine patterns of picture, it can be possi- 
ble to suppress the deterioration of the patterns on 
the plane part of the picture signal. As a result, it is 
possible to suppress fine pattern information of the 

35 picture while noise being decreased, and to im- 
prove SN ratio and visual impression. 

Brief Description of the Drawings 

40 Fig. 1(A) is a block diagram showing a con- 

struction of an embodiment of a motion picture 
encoding apparatus according to the present inven- 
tion. 

Fig. 1(B) is a block diagram showing a con- 
45 struction of the other embodiment of the motion 
picture encoding apparatus according to the 
present invention. 

Figs. 2(A) and 2(B) are block diagrams showing 
construction of a non-linear quantization circuit. 
50 Fig. 3 is a characteristic curvilinear diagram 

explaining a non-linear quantization characteristic. 

Figs. 4(A) and 4(B) are block diagrams showing 
construction of non-linear inverse quantization cir- 
cuit. 

55 Fig. 5 is a characteristic curvilinear diagram 

explaining a non-linear quantization characteristic. 

Fig. 6 is a signal waveform diagram explaining 
the change of a signal in the non-linear quantization 
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circuit. 

Fig. 7 is a characteristic curvilinear diagram 
explaining the non-linear quantization characteristic. 

Fig. 8 is a signal wavefornn diagrann explaining 
the change of a signal in the non-linear inverse 
quantization circuit. 

Fig. 9 is a characteristic curvilinear diagram 
explaining a non-linear inverse quantization char- 
acteristic. 

Fig. 10(A) is a block diagram showing a con- 
struction of an embodiment of a motion picture 
decoding apparatus according to the present inven- 
tion. 

Fig. 10(B) is a block diagram showing a con- 
struction of the other embodiment of a motion 
picture decoding apparatus according to the 
present Invention. 

Fig. 1 1 is a block diagram showing a construc- 
tion of a non-linear quantization circuit according to 
a second embodiment. 

Fig. 12 is a block diagram showing a construc- 
tion of a non-linear inverse quantization circuit ac- 
cording to a second embodiment. 

Figs. 13(A) and 13(B) are characteristic cur- 
vilinear diagrams explaining the quantization char- 
acteristic of the non-linear quantization circuit. 

Figs. 14(A) and 14(B) are characteristic cur- 
vilinear diagrams explaining the inverse quantiza- 
tion characteristic of the non-linear inverse quan- 
tization circuit. 

Fig. 15(A) is a block diagram showing a con- 
struction of a motion picture encoding apparatus 
according to a fourth embodiment. 

Fig. 15(B) is a block diagram showing a con- 
struction of a motion picture encoding apparatus 
according to a sixth embodiment. 

Fig. 16(A) is a block diagram showing a con- 
struction of a motion picture decoding apparatus 
according to the fourth embodiment. 

Fig. 16(B) is a block diagram showing a con- 
struction of a motion picture decoding apparatus 
according to a sixth embodiment. 

Fig. 17 Is a schematic diagram explaining a 
principle of the compressive encoding of a motion 
picture signal when an interframe correlation is 
utilized. 

Fig. 18 is a schematic diagram explaining 
types of pictures when picture data Is compressed. 

Fig. 19 is a schematic diagram explaining a 
principle of encoding a motion picture signal. 

Fig. 20 is a block diagram showing a construc- 
tions of an encoding apparatus and a decoding 
apparatus for a picture signal. 

Fig. 21 is a schematic diagram explaining op- 
eration of format conversion of the format conver- 
sion circuit in Fig. 20. 

Fig. 22 is a block diagram showing a construc- 
tion of the encoder in Fig. 20. 



Fig. 23 is a schematic diagram explaining op- 
eration of the prediction mode switching circuit in 
Fig. 22. 

Fig. 24 Is a schematic diagram explaining op- 
6 eration of the DCT mode switching circuit in Fig. 
22. 

Fig. 25 is a block diagram showing an example 
of a constitution of the decoder in Fig. 20. 

10 Best Mode for Carrying Out the Invention 

(1) Fist embodiment 

Fig. 1(A) shows a first embodiment of the 

75 present invention which has the same arrangement 
as the aforementioned conventional motion picture 
encoding apparatus shown in Fig. 22, except for a 
non-linear quantization circuit (NLQ) 70 and a non- 
linear inverse quantization circuit (NLIQ) 71. The 

20 non-linear quantization circuit 70 will be explained 
by referring to Fig. 2(A). In the non-linear quantiza- 
tion circuit 70, a pixel value of an original picture in 
a case of an intra-encoding macroblock, and an 
interframe or Interfield difference value after motion 

25 compensation In a case of an interframe or inter- 
field encoding macroblock are respectively sup- 
plied to an input terminal 200 in block units, that is, 
8x8 pixel unit. A picture signal S201 supplied to 
the input terminal 200 is input to a low-pass filter 

30 (LPF) 201 and an adder 202. The low-pass filter 
201 extracts a low-frequency component of the 
input picture signal S201 by each block unit. The 
output of the low-pass filter 201 is output to the 
adders 202 and 204. 

35 The adder 202 calculates the difference be- 

tween the input picture signal S201 and an output 
value S202 of the low-pass filter 202 for pixels 
corresponding to each block, and outputs it (S203). 
Because the output value S202 of the low-pass 

40 filter 201 is the low-frequency component of the 
picture signal, the output S203 from the adder 202 
is a signal representing amplitude of the high- 
frequency component of the picture signal. The 
signal S203 is input to a non-linear quantization 

45 circuit 203 for high-frequency signal S203. 

The non-linear quantization circuit 203 for high- 
frequency signal performs non-linear quantization 
by utilizing the non-linear characteristics shown in 
Fig. 3. The abscissa in the figure is for values of 

50 input picture signal S203 (amplitude values), and 
the ordinate Is for values of output signal S204 
(amplitude value). Here, only positive characteris- 
tics are shown. The negative ones are symmetrical 
to the origin. The dot line represented by y = x 

66 indicates linear quantization characteristics. In the 
case where the linear quantization characteristics 
are used, the input signal S203 and output signal 
S204 of the non-linear quantization circuit 203 for 
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high-frequency signal become the same signal, so 
that the input and output signals of the non-linear 
quantization circuit 70 becomes the same signal. 
Fig. 3 shows one example regarding non-linear 
characteristics as NC, but several other non-linear 
quantization characteristics can be assumed. 
Therefore, in the case of characteristics in Fig. 3, a 
value larger than the input signal S203 is output as 
S204. 

The output signal S204 from the non-linear 

quantization circuit 203 for high-frequency signal is 
input to the adder 204. The adder 204 adds the 
signal S204 and the output signal S202 from the 
low-pass filter 201 for pixels corresponding to each 
block, and outputs the sum (S205). 

S202 is a low-frequency component of the pic- 
ture signal S201 input to the non-linear quantization 
circuit 70, while S204 is the high-frequency compo- 
nent of S201 after non-linear quantization. There- 
fore, an output S205 of the non-linear quantization 
circuit 70 becomes the signal in which the input 
signal S201 of the high-frequency component is 
emphasized. The picture signal the high-frequency 
range of which is emphasized by the non-linear 
quantization circuit 70 is input to the DCT circuit 
56. 

As is the conventional case, the DCT circuit 56 
performs DCT conversion for blocks of 8 x 8 
pixels, and inputs a value after conversion to the 
quantization circuit 57. The value after quantization 
is input to the variable-length encoding circuit 58. 
The output of the quantization circuit 57 is also 
input to the inverse quantization circuit 60. The 
inverse quantization circuit 60 performs an opera- 
tion opposite to the quantization circuit 57. The 
inverse DCT circuit 61 inversely DCT-converts the 
output value from the inverse quantization circuit 
60, and then inputs the restored signal to the non- 
linear inverse quantization circuit 71 . 

The non-linear inverse quantization circuit 71 is 
arranged as shown in Fig. 4(A), and performs an 
operation opposite to the non-linear quantization 
circuit 70. A block unit signal S401 input through 
an input terminal 400 of the non-linear inverse 
quantization circuit 71 is input to a low-pass filter 
401 and an adder 402. The low-pass filter 401 
extracts the low-frequency component of the signal 
S401. An output signal S402 of the low-pass filter 

401 is input to the adders 402 and 404. The adder 

402 obtains the difference between signals S401 
and S402 for pixels corresponding to each block, 
and outputs it (S403). Thus, the signal S402 repre- 
sents the low-frequency component of the signal 
S401, while the signal S403 represents the high- 
frequency component of the signal S401. Signal 
S403 is input to a non-linear inverse quantization 
circuit 403 for high-frequency signal. 



The non-linear inverse quantization circuit 403 
for high-frequency signal performs non-linear quan- 
tization by using non-linear characteristic INC 
shown in Fig. 5. The non-linear characteristic INC 

6 shown in Fig. 5 has characteristics symmetrical to 
the non-linear characteristic NC shown in Fig. 3. 
That is, the respective characteristics shown in 
Figs. 3 and 5 are symmetrical to the straight line y 
= X. Here, only positive characteristics are also 

10 shown. The negative ones are symmetrical to the 
origin. 

The abscissa in Fig. 5 is for values of the input 
picture signal S403 (amplitude values), and the axis 
of ordinates is for values of the output signal S404 

75 (amplitude values). The dot line represented by y 
= X indicates linear quantization characteristics. 
When the linear inverse quantization characteristics 
are used, the input signal S403 and the output 
signal S404 of the non-linear inverse quantization 

20 circuit 403 for high-frequency signal become the 
same signal, so that the input and output signals of 
the non-linear inverse quantization circuit 71 be- 
come the same signal. 

The inverse quantization characteristics to be 

25 used in the non-linear inverse quantization circuit 
403 for high-frequency signal must be the inverse 
quantization characteristics which perform an op- 
eration opposite to that of the quantization char- 
acteristics used in the non-linear quantization cir- 

30 cuit 203 for high-frequency signal. The output of 
the non-linear inverse quantization circuit 403 for 
high-frequency signal is input to the adder 404. 
The adder 404 adds signals S404 and S402 for the 
pixels corresponding to each block to output 

35 (S405). In this manner, the non-linear inverse quan- 
tization circuit 71 performs an operation to be back 
the high-frequency components emphasized by the 
non-linear quantization circuit 70 to the original 
state. 

40 Explanation is made of the principle in which 

such non-linear quantization reduces noise such as 
mosquito noise caused by conversional encoding. 
Fig. 6 shows changes in signals in the non-linear 
quantization circuit 70 of Fig. 2(A). (a) shows an 

45 example of signal S201. The signal in (a) is ex- 
tracted its low-frequency component as in (b) by 
the low-pass filter 201 , which is signal S202. 

In addition, the adder 202 calculates the dif- 
ference between S201 and S202, and signal S203 

50 is output as the high-frequency component as 
shown in (d). In this case, the difference between 
the maximum value of the signal and the flat area 
is assumed to be Ai. Here, the high-frequency 
component is emphasized by non-linear quantiza- 

55 tion. The output S204 of the non-linear quantization 
circuit 203 for high-frequency signal is shown in 
(e). In this case, the difference between the maxi- 
mum value of the signal and the flat area is A2 (A2 
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> Ai ). The adder 204 adds signals S202 and S204, 
and generates output signal S205 (f). 

The non-linear quantization characteristics is 
shown in Fig. 7. The abscissa is for values of input 
signal, while the axis of the coordinate is for values 
of output signal. Here, only positive characteristics 
are shown. The negative ones are symmetrical to 
the origin. Here, it is assumed that the maximum 
values of distortion and noise components caused 
In conversion and encoding have values 50% of 
the maximum values to be input to a conversion 
circuit (DCT circuit for this embodiment). That is, 
they are in linear relationship to the maximum 
values of input to the conversion circuit. A case 
where the maximum value of Input signal is Ai is 
discussed. It is assumed that the maximum value 
of distortion caused by the conversional encoding 
is Ni if no non-linear quantization is performed 
(Fig. 7). When the non-linear quantization is per- 
formed, Ai becomes A2 = a x Ai . In this case, 
since the maximum value of distortion is 50% of 
the signal input to the DCT, it is considered that 
the maximum value of distortion caused by DCT 
conversion of the non-linear quantized value be- 
comes N2 = a X Ni . 

Fig. 8 shows changes in signals In the non- 
linear inverse quantization circuit 71 in Fig. 4(A). (a) 
shows signal S401 in which the signal In (f) of Fig. 
6 is processed by the DCT conversion circuit 56, 
the quantization circuit 57, the inverse quantization 
circuit 60, and the inverse DCT circuit 61 , and then 
is input to the non-linear inverse quantization circuit 
71. The signal S401 is extracted its low-frequency 
component S402 by the low-pass filter 401. The 
signal S402 is shown in (b). 

The adder 402 calculates the difference be- 
tween signals S401 and S402 in order to extract 
the high-frequency component S403. S403 is 
shown in (d). The signal shown in (d) is added 
distortion caused by conversional encoding. At this 
time, it is assumed that the maximum value of 
signal is A2*, and the maximum value of distortion 
is N2'. 

The output S403 of the non-linear inverse 
quantization circuit 403 for high-frequency signal is 
shown in (e). The inverse quantization characteris- 
tics are shown in Fig. 9. The non-linear inverse 
quantization makes the maximum value of signal 
A3 = A2Va. In this case, the maximum value of 
distortion becomes N3. When the non-linear in- 
verse quantization is not performed, the maximum 
value of distortion is N2Va. When it is compared 
with a case where no non-linear quantization is 
performed, it is found that the maximum value of 
distortion is reduced by Ni - N3. 

With the aforementioned manner, the high-fre- 
quency component is emphasized in order to be 
encoded, so that distortion can be reduced. As 



described above, the non-linear quantizing opera- 
tion is performed by block input to the conversion 
circuit (in this embodiment, the DCT conversion 
circuit). This is because deterioration caused by 

5 the conversional encoding is confined to a block. 
This allows to prevent loss of more information 
than necessary across blocks. 

Fig. 10(A) shows a motion picture decoding 
apparatus according to the first embodiment. Be- 

10 cause it is similar to a conventional apparatus ex- 
cept for a non-linear inverse quantization circuit 
(NLIQ) 91, description is omitted for components 
already described in relation to the conventional 
apparatus. The non-linear inverse quantization cir- 

75 cult 91 is described next. The non-linear inverse 
quantization circuit 91 is similar to the non-linear 
quantization circuit 71 described in respect to Figs. 
1 and 4(A), and Is for performing an operation 
opposite to that of the non-linear quantization cir- 

20 cult 70. In this case, the non-linear inverse quan- 
tization circuit 91 has non-linear inverse quantiza- 
tion characteristics opposite to those of the non- 
linear quantization circuit 70. 

In this embodiment, the non-linear quantization 

25 circuit is provided immediately preceding the DCT 
circuit or immediately following the Inverse DCT 
circuit, so that it is possible to maintain coordina- 
tion between the picture signal encoding apparatus 
and the picture signal decoding apparatus. Also, in 

30 the method according to this embodiment, it is 
possible to reproduce minimum picture even when 
the picture signal decoding apparatus does not 
have a non-linear inverse quantization circuit. In a 
case where the picture signal decoding apparatus 

35 does not have a non-linear inverse quantization 
circuit, the signal with an emphasized high-fre- 
quency component is decoded and displayed as is. 
The picture decoding apparatus in such a case is 
similar to the conventional one. 

40 In addition, the non-linear inverse quantizer 91 

does not necessarily have characteristics exactly 
opposite to those of the non-linear quantizer 70. If 
the deemphasis of the inverse quantization char- 
acteristics is larger than the emphasis of the quan- 

45 tization characteristics, the decoded picture effec- 
ted a low-pass filtered effect can be obtained. In 
the opposite state, the decoded picture with a 
contour-accentuated effect can be obtained. 

With the above arrangement, the SN ratio can 

50 be effectively improved by associatively applying 
preprocessing and postprocessing with non-linear 
characteristics to a signal band the SN ratio of 
which tends to be degraded by encoding. That is, 
in a signal band with a poor SN ratio, mosquito 

55 noise can be reduced while reduction of fine pat- 
tern information of a picture can be suppressed, 
whereby it becomes possible to suppress the re- 
duction of patterns in a flat area of picture signals 
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where distortion of the picture is conventionally 
difficult to be distinguished from fine patterns, so 
that the SN ratio and visual Innpression can be 
improved. 

Furthermore, because the distortion in conver- 
sional encoding occurs when being confined to the 
block to be used for the conversion, it becomes 
possible to decrease the propagation of mosquito 
noise along the time axis by confining the opera- 
tion of above preprocessing and postprocessing in 
the block where conversional encoding are per- 
formed. This allows to reduce the fluctuation in 
distortion noise which Is caused by propagation of 
the noise along the time axis conventionally be- 
cause of the use of motion compensation predic- 
tion, so that the visual impression can be improved. 

(2) Second Embodiment 

The second embodiment is a variation of the 
first embodiment, and has the same arrangement 
as the first embodiment described above except for 
the non-linear quantization circuit (NLQ) 70 and the 
non-linear Inverse quantization circuits (NLIQ) 71 
and 91 . More specifically, the internal arrangement 
of the non-linear quantization circuit 70 in the sec- 
ond embodiment is shown in Fig. 11. A picture 
signal S1 100 input to the non-linear quantization 
circuit 70 is input to band-pass filters 1 (1101) - n 
(11 On) by the block unit. 

The band-pass filters 1 (1101) - n (11 On) are 
filters having different passing frequency bands. 
The band-pass filter 1 (1101) has the lowest pass- 
ing frequency band (low-pass filter), while the 
band-pass filter n (11 On) has the highest passing 
frequency band (high-pass filter). 

Output signals S1101 - SllOn from the band- 
pass filters are input to the first non-linear quantiza- 
tion circuit (1121) to n-th non-linear quantization 
circuit (112n), respectively. The non-linear quan- 
tization with different quantization characteristics Is 
executed to each frequency component of the in- 
put signal 81 100 corresponding to the frequency. 

Examples of quantization characteristics for 
each non-linear quantization circuit shown in Fig. 
11 are shown in Fig. 13(A). The frequency char- 
acteristics of the first non-linear quantization circuit 
(1121) are characteristics 1 In Fig. 13(A), and the 
frequency characteristics of the n-th non-linear 
quantization circuit (112n) are characteristics n. The 
quantization characteristics are used which are 
close to the linear quantization characteristics (y = 
x) as the frequency component becomes lower. 
Therefore, the higher the frequency component is, 
the higher emphasis Is provided. Output signals 
S1 121 - S112n from the non-linear quantization 
circuits are input to an adder 1130. The adder 1130 
adds and outputs each frequency component after 



non-linear quantization (S1 130). 

Next, the non-linear inverse quantization cir- 
cuits 71 and 91 in this embodiment are explained 
by referring to Fig. 12. Fig. 12 shows construction 

5 of the non-linear inverse quantization circuits 71 
and 91. That is, an output signal S1200 from the 
inverse DCT circuit is input to the first band-pass 
filter (1201) to n-th band-pass filter (120n). The first 
band-pass filter (1201) to n-th band-pass filter 

10 (120n) are filters having different passing frequency 
bands. The first band-pass filter (1201) has the 
lowest passing frequency band (low-pass filter), 
while the n-th band-pass filter (120n) has the high- 
est passing frequency band (high-pass filter). 

75 Output signals SI 201 - S120n from the band- 

pass filters (1201 - 120n) are Input the first to non- 
linear inverse quantization circuit (1221) to the n-th 
non-linear Inverse quantization circuit (122n), re- 
spectively. The non-linear inverse quantization with 

20 different quantization characteristics is executed to 
each frequency component of the signal 81200 
from the inverse DCT circuit corresponding to the 
frequency. 

Examples of inverse quantization characterls- 

25 tics for each non-linear inverse quantization circuit 
shown in Fig. 12 are shown in Fig. 14(A). The 
frequency characteristics of the first non-linear in- 
verse quantization circuit (1221) are characteristics 
1 in Fig. 14(A), while the quantization characteris- 

30 tics of the n-th non-linear Inverse quantization cir- 
cuit (122n) are characteristics n. The inverse quan- 
tization characteristics are used which are close to 
the linear quantization characteristics (y = x) as 
the frequency component becomes lower. In this 

35 case, the respective inverse quantization character- 
istics must perform operations opposite to the 
quantization characteristics. For example, the in- 
verse quantization characteristics 1 must perform 
operations opposite to the quantization characterls- 

40 tics 1. That is, the quantization characteristics 1 
should be symmetrical to the inverse quantization 
characteristics 1 in respect to y = x. 

Output signals 81221 - 8122n from the non- 
linear inverse quantization circuits are input to an 

45 adder 1230. The adder 1230 adds and outputs 
each frequency component after non-linear quan- 
tization (81231). These non-linear Inverse quantiza- 
tion circuits 71 and 91 restore the emphasized 
high-frequency component to its original level. As 

50 described above. In the second embodiment, the 
non-linear quantization and the non-linear Inverse 
quantization are performed with difference non-lin- 
ear quantization characteristics in accordance with 
the frequency component of the input picture sig- 

55 nal. Thus, In the case of the second embodiment, 
the quantization characteristics are made different 
according to the frequency component of the input 
signal, so that the SN ratio and visual impression 

15 
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can be further improved. 
(3) Third embodiment 

The third embodiment Is also a variation of the 
first embodiment, and is the same as the first 
embodiment except for the non-linear quantization 
circuit 70 and the variable-length encoding circuit 
58. The picture encoding apparatus of the third 
embodiment has the general construction shown in 
Fig. 1(B). The construction of the non-linear quan- 
tization circuit 70 is given in Fig. 2 (B). In the third 
embodiment, a quantization circuit controller 206 
adaptively switches quantization characteristics 
used by the non-linear quantization circuit 203 for 
high-frequency signal. 

The quantization circuit controller 206 checks 
the characteristic of the Input picture signal S201 
or the high-frequency signal S203 for each block, 
and determines quantization characteristic accord- 
ing to above characteristic. In this case, signal QL 
indicating the quantization characteristics to be 
used is output to the non-linear quantization circuit 
203 for high-frequency signal. The quantization 
characteristics are given, for example, by Fig. 13- 
(B). The characteristics of input picture signal 
means, for example, edge information, amplitude 
information of the input signal, or correlation be- 
tween the luminance and the color difference sig- 
nals. Concretely, when there is an edge part of the 
picture in the block, the quantization characteristic 
in order to emphasize this edge part, namely, the 
non-linear quantization characteristic corresponding 
to larger value "n" in Fig. 13(B) is selected. Fur- 
thermore, the larger the amplitude of signal in a 
block is, the larger value of "n" In Fig. 13(B) the 
non-linear quantization characteristic corresponds 
to is selected. Further, when the non-linear pro- 
cessing is performed to the blocks having low 
luminance value and in which one of corresponding 
color difference signal, Cb or Cr, is high, noise In 
the original picture tends to stand out. Therefore, 
the linear quantization characteristic (characteristic 
0) In Fig. 13(B) is selected. The signal QL showing 
quantization characteristic is also output to a vari- 
able-length encoding circuit 58. The variable-length 
encoding circuit 58 variable-length encodes signal 
QL indicating the quantization characteristics, and 
transmits It. 

The general construction of the picture decod- 
ing apparatus of this embodiment is same as the 
first embodiment except for a variable-length de- 
coding circuit 82 and an inverse quantization circuit 
91, which is given in Fig. 10(B). The constructions 
of the non-linear inverse quantization circuits 71 
and 91 are given by Fig. 4(B). In the third embodi- 
ment, an inverse quantization circuit controller 406 
adaptively switches the inverse quantization char- 



acteristics to be used by a non-linear inverse quan- 
tization circuit 403 for high-frequency signal in 
block units. The signal QL indicating the quantiza- 
tion characteristics transmitted from the picture slg- 
5 nal encoding apparatus is decoded at the variable- 
length decoding circuit 82, and Is output to the 
non-linear Inverse quantization circuit 91 as signal 
QL' indicating the inverse quantization characteris- 
tics. 

10 The Inverse quantization circuit controller 406 

determines the inverse quantization characteristics 
according to the signal QL' indicating the inverse 
quantization characteristics In block units, and out- 
puts them to the non-linear inverse quantization 

75 circuit 403 for high-frequency signal. The non-linear 
inverse quantization circuit 403 for high-frequency 
signal switches the inverse quantization character- 
istics according to the signal QL' indicating the 
inverse quantization characteristics in block units. 

20 The inverse quantization characteristics are given, 
for example, by Fig. 14(B). In this manner, in the 
case of the third embodiment, the quantization 
characteristics is adaptively switched according to 
the type of input picture signal, so that the SN ratio 

25 and the visual Impression can be further improved. 

As described above, in this embodiment, the 
inverse quantization characteristic is adaptively 
switched according to the transmitted QL*. How- 
ever, in the case where it is necessary to add 

30 effects such as contour accentuation to the de- 
coded picture, the inverse quantization characteris- 
tic can be adaptively controlled in accordance with 
the decoded picture signal S401 or the high-fre- 
quency component S403 of the decoded picture 

35 signal, not in accordance with QL\ 

(4) Fourth embodiment 

The fourth embodiment is effective In the case 

40 where a non-linear quantization circuit and a non- 
linear inverse quantization circuit cannot installed 
preceding and following a conversion circuit (in this 
embodiment, DCT and IDCT circuits). The con- 
struction of a picture signal encoding apparatus of 

45 the fourth embodiment Is shown in Fig. 15(A). This 
embodiment is different from the first embodiment 
in that the non-linear quantization circuit 70 is posi- 
tioned at the top of the encoding apparatus. In Fig. 
15(A), the non-linear quantization circuit 70 Is posi- 

50 tioned preceding a motion vector detection circuit 
50. However, it can be positioned following the 
motion vector detection circuit 50, that is, between 
the motion vector detection circuit 50 and the pre- 
diction mode switching circuit 52. 

55 The construction of the non-linear quantization 

circuit 70 is shown in Fig. 2(A) as in the first 
embodiment. In this embodiment, because the non- 
linear quantization Is performed before motion 
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compensation, the signal itself input to the DCT 
circuit cannot be processed. The non-linear quan- 
tization is performed in block units to be input to 
the conversion circuit (DCT circuit) as in the first 
embodiment. In this case, when interframe or inter- 
field encoding is not performed, that is, in case of 
an intraframe encoding macroblock, it is possible to 
obtain the same result as in the first embodiment. 

A picture signal decoding apparatus of the 
fourth embodiment is shown In Fig. 16(A). This 
embodiment is different from the first embodiment 
in that the non-linear inverse quantization circuit 91 
is positioned at the end of the decoding circuit. The 
picture signal is decoded in the decoding circuit 

90, and then performed non-linear inverse quan- 
tization at the non-linear inverse quantization circuit 

91 . The construction of the non-linear inverse quan- 
tization circuit 91 is given by Fig. 4(A) as in the first 
embodiment. The operation of the non-linear in- 
verse quantization circuit 91 is similar to that of the 
first embodiment. 

In the fourth embodiment, although the co- 
ordination between the non-linear quantization and 
the non-linear inverse quantization by the encoding 
apparatus and the decoding apparatus is not al- 
ways maintained because the non-linear quantiza- 
tion circuit is in a stage preceding the motion 
compensation circuit, it is possible to eliminate 
distortion caused by conversional encoding in ac- 
cordance with a principle similar to the principle 
described in the first embodiment. Thus, for the 
fourth embodiment, even if the non-linear quantiza- 
tion circuit and the non-linear inverse quantization 
circuit cannot be installed immediately preceding 
and following the conversion circuit, the non-linear 
quantization circuit and the non-linear inverse quan- 
tization circuit are provided at the top of the encod- 
ing apparatus and at the end of the decoding 
apparatus, thus it is possible to reduce mosquito 
noise in a signal band with a poor SN ratio, and to 
prevent the loss of fine information in a picture. 

(5) Fifth embodiment 

The fifth embodiment is a variation of the fourth 
and the second embodiments. It is the same as the 
fourth embodiment except for the non-linear quan- 
tization circuit and the non-linear inverse quantiza- 
tion circuit. The general construction of a picture 
signal encoding apparatus and a picture signal 
decoding apparatus of the fifth embodiment is 
same as the fourth embodiment and is shown in 
Figs. 15 and 16. The construction of the non-linear 
quantization circuit 70 of the fifth embodiment is 
given by Fig. 11 as in the second embodiment. 
Furthermore, the construction of the non-linear in- 
verse quantization circuit 71 of the fifth embodi- 
ment is given by Fig. 12 as in the second embodi- 



ment. The fifth embodiment is the fourth embodi- 
ment modified to adaptively change the non-linear 
quantization characteristics according to the fre- 
quency component of the input picture signal as in 
6 the second embodiment. 

(6) Sixth embodiment 

The sixth embodiment is a variation of the 

10 fourth and the third embodiments. It is the same as 
the fourth embodiment except for the non-linear 
quantization circuit, the variable-length encoding 
circuit, the variable-length decoding circuit, and the 
non-linear inverse quantization circuit. A picture 

75 signal encoding apparatus and a picture signal 
decoding apparatus of the sixth embodiment have 
the construction shown in Figs. 15(B) and 16(B). 
The construction of the non-linear quantization cir- 
cuit 70 of the sixth embodiment is given by Fig. 2- 

20 (B) as in the third embodiment. 

Furthermore, the construction of the non-linear 
inverse quantization circuit 71 of the sixth embodi- 
ment is given by Fig. 4(B) as in the third embodi- 
ment. The sixth embodiment is the fourth embodi- 

25 ment modified to adaptively change the non-linear 
quantization characteristics in block units according 
to the characteristics of the input picture signal as 
in the third embodiment. A signal showing the non- 
linear quantization characteristics is variable-length 

30 encoded, and is transmitted to the picture signal 
decoding apparatus. The picture signal decoding 
apparatus determines the non-linear inverse quan- 
tization characteristics from the signal showing 
transmitted non-linear quantization characteristics. 

35 As described above, according to the present 

invention, the SN ratio can be effectively improved 
by associatively applying preprocessing and post- 
processing with non-linear characteristics to a sig- 
nal band in which the SN ratio tends to be deg- 

40 raded by encoding. That is, in a signal band with a 
poor SN ratio, mosquito noise can be reduced 
without reducing of the fine pattern information of a 
picture, thereby it becomes possible to suppress 
the reduction of patterns in a flat region of picture 

45 signals even where distortion of the picture is con- 
ventionally difficult to distinguish from fine patterns, 
so that a method for encoding motion picture, a 
method for decoding motion picture, a motion pic- 
ture recording medium, and a motion picture en- 

50 coding apparatus can be realized in that the SN 
ratio and the visual impression can be improved. 

Furthermore, because the distortion in conver- 
sional encoding occurs and is confined to the block 
being used for the conversion, it becomes possible 

55 to decrease propagation of mosquito noise along 
the time axis by performing the operation of above 
preprocessing and postprocessing by confining in 
block units for the conversion and encoding. This 
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reduces the fluctuation of noise caused by the 
propagation of the distortion noise along the time 
axis because of the conventional use of motion 
compensation prediction, so that a method for en- 
coding motion picture, a method for decoding mo- 
tion picture, a motion picture recording medium, 
and a motion picture encoding apparatus can be 
realized in which the visual impression can be 
improved. 

Industrial Applicability 

The method for encoding picture signal and the 
picture signal encoding apparatus of the present 
invention can be utilized to a videosoft making 
apparatus for compressing a digital video signal for 
recording it on a recording medium such as a disc 
or a tape. Furthermore, the method for encoding 
picture signal and the picture signal encoding ap- 
paratus of the present invention can be utilized to a 
signal distribution apparatus for compressing a 
digital video signal and for transmitting to a wired 
or wireless transmission path in systems such as 
CATV, satellite broadcast, television conference, 
television telephone, video on demand. 

Furthermore, the recording medium of the 
present Invention can be utilized to a digital video 
disc for general consumers or a digital video disc 
for rental agents. 

Furthermore, the method for decoding picture 
signal and the picture signal decoding apparatus 
can be utilized to a reproducing apparatus for re- 
producing a disc or a tape on which the com- 
pressed video signal is recorded. Moreover, the 
method for decoding picture signal and the picture 
signal decoding apparatus can be utilized to a 
receiving apparatus for reproducing a transmitted 
compressed video signal in systems such as 
CATV, satellite broadcast, television conference, 
television telephone, video on demand. 

Description of Reference Numerals 

1 ... encoding apparatus, 2 ... decoding appara- 
tus, 3 ... recording medium, 12, 13 ... A/D conver- 
ter, 14 ... frame memory, 15 ... luminance signal 
frame memory, 16 ... color difference signal frame 
memory, 17 ... format conversion circuit, 18 ... 
encoder, 31 ... decoder, 32 ... format conversion 
circuit, 33 ... frame memory, 34 ... luminance signal 
frame memory, 35 ... color difference signal frame 
memory, 36, 37 ... D/A converter, 50 ... moving 
vector detection circuit, 51 ... frame memory, 52 ... 
prediction mode switching circuit, 53 ... calculator, 
54 ... prediction determination circuit, 55 ... DCT 
mode switching circuit, 56 ... DCT circuit, 57 ... 
quantization circuit, 58 ... variable-length encoding 
circuit, 59 ... transmission buffer, 60 ... Inverse 



quantization circuit, 61 ... inverse DCT circuit, 62 ... 
calculator, 63 ... frame memory, 64 ... motion com- 
pensation circuit, 81 ... receiving buffer, 82 ... vari- 
able-length decoding circuit, 83 ... inverse quantiza- 
5 tion circuit, 84 ... inverse DCT circuit, 85 ... calcula- 
tor, 86 ... frame memory, 87 ... motion compensa- 
tion circuit. 

Claims 

10 

1. A method for encoding picture signal for en- 
coding picture signal, comprising the steps of: 

generating a first quantization coefficient 
by quantizing at least a part of signal band of a 
75 specified picture signal based on a non-linear 

characteristic; 

generating a conversion coefficient by per- 
forming a specified conversion processing on 
said first quantization coefficient in specified 
20 block units; 

generating a second quantization coeffi- 
cient by quantizing said conversion coefficient; 
and 

variable-length encoding said second 

25 quantization coefficient. 

2. The method for encoding picture signal ac- 
cording to claim 1 , wherein 

said quantization based on the non-linear 
30 characteristic is performed in said block units. 

3. The method for encoding picture signal ac- 
cording to claim 1 , wherein 

said quantization based on the non-linear 
35 characteristic, comprising the steps of: 

dividing said specified picture signal Into 
high-frequency signal and low-frequency sig- 
nal; 

quantizing said high-frequency signal 
40 based on a specified non-linear characteristic; 

and 

synthesizing said quantized high-frequen- 
cy signal and said low-frequency signal. 

45 4. The method for encoding picture signal ac- 
cording to claim 1 , wherein 

said quantization based on the non-linear 
characteristic, comprising the steps of: 

dividing said specified picture signal Into 
50 high-frequency signal and low-frequency sig- 

nal; 

quantizing said high-frequency signal by a 
non-linear characteristic adaptively switched 
corresponding to characteristics of said speci- 
66 fied picture signal or said high-frequency sig- 

nal; and 

synthesizing said quantized high-frequen- 
cy signal and said low-frequency signal. 
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signal based on a specified non-linear char- 
acteristic; and 

synthesizing said high-frequency signal in- 
versely quantized and said low-frequency sig- 
5 nal. 

11. The method for decoding picture signal ac- 
cording to claim 8, wherein 

said inverse quantization based on the 
10 non-linear characteristic, comprising the steps 

of: 

dividing said signal performed the speci- 
fied inverse quantization into high-frequency 
signal and low-frequency signal; 
75 inversely quantizing said high-frequency 

signal by a non-linear characteristic adaptively 
switched; and 

synthesizing said high-frequency signal in- 
versely quantized and said low-frequency sig- 
20 nal. 

12. The method for decoding picture signal ac- 
cording to claim 8, wherein 

said inverse quantization according to the 
25 non-linear characteristic, comprising the steps 

of: 

dividing said signal performed said speci- 
fied inverse quantization into a plurality of fre- 
quency components; 
30 inversely quantizing said plurality of fre- 

quency components by a plurality of non-linear 
characteristics in which the higher the frequen- 
cy component is, the higher suppression is 
provided; and 

35 synthesizing said plurality of frequency 

components inversely quantized. 

13. The method for decoding picture signal ac- 
cording to claim 8, wherein 

40 said signal performed the second inverse 

quantization and a prediction picture are added 
to each other in order to generate a decoded 
picture. 



5. The method for encoding picture signal ac- 
cording to claim 1 , wherein 

said quantization based on the non-linear 
characteristic, comprising the steps of: 

dividing said specified picture signal into a 
plurality of frequency components; 

quantizing said plurality of frequency com- 
ponents by a plurality of non-linear characteris- 
tics in which the higher the frequency compo- 
nent is, the higher emphasis is provided; and 

synthesizing said plurality of frequency 
components quantized. 

6. The method for encoding picture signal ac- 
cording to claim 1 , wherein 

difference between an input picture signal 
and a prediction picture is calculated to gen- 
erate said specified picture signal. 

7. The method for encoding picture signal ac- 
cording to claim 4, wherein: 

said non-linear characteristic is adaptively 
switched in said block units; and 

discrimination information for discriminat- 
ing said switched non-linear characteristic is 
encoded. 

8. A method for decoding picture signal for de- 
coding encoded picture signal, comprising the 
steps of: 

variable-length decoding a received en- 
coded picture signal; 

performing a first inverse quantization to 
said variable-length decoded signal; 

performing a specified inverse conversion 
processing in specified block units to said sig- 
nal to which said first inverse quantization is 
performed; and 

performing a second inverse quantization 
based on a non-linear characteristic to said 
signal to which said specified inverse conver- 
sion is performed. 

9. The method for decoding picture signal ac- 
cording to claim 8, wherein 45 

said inverse quantization based on the 
non-linear characteristic is performed in block 
units. 

10. The method for decoding picture signal ac- 
cording to claim 8, wherein 

said inverse quantization based on the 
non-linear characteristic, comprising the steps 
of: 

dividing said signal performed the speci- 
fied inverse quantization is into high-frequency 
signal and low-frequency signal; 

inversely quantizing said high-frequency 



14. The method for decoding picture signal ac- 
cording to claim 1 1 , wherein: 

discremenation information for dis- 
cremenating a plurality of non-linear character- 
istics is decoded; and 



50 said non-linear characteristic is adaptively 

switched in said block units based on said 
decoded discremenation information. 

15. A picture signal recording medium recorded an 
55 encoded picture signal thereon, wherein: 

a first quantization coefficient is generated 
by quantizing at least a part of signal band of a 
specified picture signal based on a non-linear 
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characteristic; 

a conversion coefficient is generated by 
performing a specified conversion processing 
to said first quantization coefficient in specified 
block units; 

a second quantization coefficient is gen- 
erated by quantizing said conversion coeffi- 
cient; 

said second quantization coefficient is vari- 
able-length encoded; and 

said signal variable-length encoded is re- 
corded on a recording medium. 

16. The picture signal recording medium accord- 
ing to claim 15, wherein 75 

said quantization based on the non-linear 
characteristic is performed in said block units. 



components quantized. 



adaptively switching said non-linear char- 
acteristic in said block units; 

encoding discremenation information for 
discremenating said switched non-linear char- 
acteristic; and 

recording said encoded discremenation in- 
formation on said recording medium. 



20. The picture signal recording medium accord- 
ing to claim 15, wherein 

5 difference between an input picture signal 

and a prediction picture is calculated to gen- 
erate said specified picture signal. 

21, The picture signal recording medium accord- 
10 ing to claim 18, comprising the steps of: 



17. The picture signal recording medium accord- 
ing to claim 15, wherein 20 

said quantization based on the non-linear 
characteristic, comprising the steps of: 

deviding said specified picture signal into 
high-frequency signal and low-frequency sig- 
nal; 25 

quantizing said high-frequency signal 
based on a specified non-linear characteristic; 
and 

synthesizing said quantized high-frequen- 
cy signal and said low-frequency signal. 30 

18. The picture signal recording medium accord- 
ing to claim 15, wherein: 

said quantization based on the non-linear 
characteristic, comprising the steps of: 35 

deviding said specified picture signal into 
high-frequency signal and low-frequency sig- 
nal; 

quantizing said high-freuqency signal by a 
non-linear characteristic adaptively switched 40 
corresponding to characteristic of said speci- 
fied picture signal or said high-freuqency sig- 
nal; and 

synthesizing said quantized high- 
freuqency signal and said low-frequency sig- 45 
nal. 

19. The picture signal recording medium accord- 
ing to claim 15, wherein: 

said quantization based on the non-linear so 
characteristic, comprising the steps of: 

deviding said specified picture signal into 
a plurality of frequency components; 

quantizing said plurality of freuqency com- 
ponents by a plurality of non-linear characteris- 66 
tics in which the higher the frequency compo- 
nent is, the higher emphasis is provided; and 

synthesizing said plurality of frequency 



22. A picture signal encoding apparatus for encod- 
ing picture signal, comprising: 

first quantization means for generating a 
first quantization coefficient by quantizing at 
least a part of signal band of a specified pic- 
ture signal based on a non-linear characteristic; 

conversion means for generating a conver- 
sion coefficient by performing a specified con- 
version processing on said first quantization 
coefficient in specified block units; 

second quantization means for generating 
a second quantization coefficient by quantizing 
said conversion coefficient; and 

variable-length encoding means for vari- 
able-length encoding said second quantization 
coefficient. 

23. The picture signal encoding apparatus accord- 
ing to claim 22, wherein 

said first quantization means performs said 
quantization based on the non-linear character- 
istic in said block units. 

24. The picture signal encoding apparatus accord- 
ing to claim 22, wherein 

said first quantization means, comprising; 

a means for dividing said specified picture 
signal into high-frequency signal and low-fre- 
quency signal; 

a quantization means for quantizing said 
high-frequency signal based on a specified 
non-linear characteristic; and 

a means for synthesizing said quantized 
high-frequency signal and said low-frequency 
signal. 

25. The picture signal encoding apparatus accord- 
ing to claim 22, wherein: 

said first quantization means, comprising; 
a means for dividing said specified picture 
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signal into high-frequency signal and low-fre- 
quency signal; 

a quantization means for quantizing said 
high-freuqency signal by a non-linear charac- 
teristic adaptively switched corresponding to 
characteristics of said specified picture signal 
or said high-freuqency signal; and 

a nneans for synthesizing said quantized 
high-freuqency signal and said low-frequency 
signal. 

26. The picture signal encoding apparatus accord- 
ing to claim 22, wherein 

said first quantization means, comprising; 

a means for dividing said specified picture 
signal into a plurality of frequency compo- 
nents; 

a quantization means for quantizing said 
plurality of freuqency components by a plural- 
ity of non-linear characteristics in which the 
higher the frequency component is, the higher 
emphasis is provided; and 

a means for synthesizing said plurality of 
frequency components quantized. 

27. The picture signal encoding apparatus accord- 
ing to claim 22, comprising: 

a means for calculating difference between 
an input picture signal and a prediction picture 
to generate said specified picture signal. 

28. The picture signal encoding apparatus accord- 
ing to claim 25, wherein 

said non-linear characteristic is adaptively 
switched in said block units; and 

said variable-length encoding means en- 
codes discremenation information for dis- 
cremenating said switched non-linear charac- 
teristic. 

29. A picture signal decoding apparatus for decod- 
ing encoded picture signal, comprising: 

variable-length decoding means for vari- 
able-length decoding a received encoded pic- 
ture signal; 

first inverse quantization means for per- 
forming a first inverse quantization to said sig- 
nal performed variable-length decoding; 

inverse conversion means for performing a 
specified inverse conversion processing in 
specified block units to said signal performed 
said first inverse quantization; and 

second inverse quantization means for 
performing a second inverse quantization 
based on a non-linear characteristic to said 
signal performed the specified inverse conver- 
sion. 



30. The picture signal decoding apparatus accord- 
ing to claim 29, wherein 

said inverse quantization based on the 
non-linear characteristic is performed in said 
5 block units. 

31. The picture signal decoding apparatus accord- 
ing to claim 29, wherein 

said second inverse quantization means, 
10 comprising; 

a means for dividing said signal performed 
the specified inverse conversion into high-fre- 
quency signal and low-frequency signal; 

inverse quantization means for inversely 
75 quantizing said high-frequency signal based on 

a specified non-linear characteristic; and 

a means for synthesizing said high-fre- 
quency signal inversely quantized and said 
low-frequency signal. 

20 

32. The picture signal decoding apparatus accord- 
ing to claim 29, wherein 

said second inverse quantization means, 
comprising; 

25 a means for dividing said signal performed 

the specified inverse conversion into high- 
freuqnecy signal and low-frequency signal; 

inverse quantization means for inversely 
quantizing said high-frequency signal by a 

30 non-linear characteristic adaptively switched; 

and 

a means for sy synthesizing said high- 
frequency signal inversely quantized and said 
low-frequency signal. 

35 

33. The picture signal decoding apparatus accord- 
ing to claim 29, wherein 

said second inverse quantization means, 
comprising; 

40 a means for dividing said signal performed 

the specified inverse conversion into a plurality 
of frequency components; 

inverse quantization means for inversely 
quantizing said plurality of frequency compo- 

45 nents by a plurality of non-linear characteristics 

in which the higher the frequency component 
is, the higher suppression is provided; and 

a means for synthesizing said plurality of 
frequency components inversely quantized. 

50 

34. The picture signal decoding apparatus accord- 
ing to claim 29, comprising: 

a means for generating a decoded picture 
by adding said signal performed the second 
55 inverse quantization and a prediction picture. 

35. The picture signal decoding apparatus accord- 
ing to claim 32, wherein: 
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said variable-length decoding means de- 
codes discrimination information for dis- 
criminating a plurality of non-linear characteris- 
tics; and 

said second inverse quantization means 5 
adaptively switches said non-linear characteris- 
tic in said block units based on said discrimi- 
nation information decoded. 

10 
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